BIOCHEMICAL SOCIETY TRANSACTIONS when DNA synthesis is low, or cells treated with hydroxyurea to block DNA replication have lesser amounts of DNA methylase in this 'nuclear matrix' fraction. In addition. studies with cycloheximide indicate the association with the nuclear matrix also requires continuing protein synthesis.
a-Methylornithine is a reversible, competitive inhibitor of the first enzyme in the polyamine biosynthetic pathway, ornithine decarboxylase (EC 4.1.1.17). As such, it has been shown to decrease the intracellular concentrations of both putrescine and spermidine in a number of cell lines (Mamont et al.. 1976 : Seidenfeld & Marton, 1980 : Pegg et al., 1981 . including BHK-ZI/C 13 cells (Wallace, 1979) . In contrast, treatment of cells with a-methylornithine does not appreciably alter the intracellular spermine content. In addition to its effects on polyamine biosynthesis, a-methylornithine has also been shown to affect the excretion of polyamines from cells. Confluent cultures of BHK-21/C13 cells treated with this drug showed a marked decrease in the total amount of polyamines released from the cells into the extracellular medium (Wallace et al.. 1979) . In the present study we have examined the effect of a-methylornithine on the uptake and metabolism of exogenous polyamines by BHK-2 l/C 13 cells.
BHK-21/C13 cells were seeded at a density of 2 . 6~ lo4 cells/cm2 and were grown for 17 h in Dulbecco's modification of Eagle's medium supplemented with 10% (v/v) dialysed horse serum and 0.1 mwhypoxanthine. The medium was then changed to Dulbecco's medium containing 0.1 mwhypoxanthine and either 0.9% (w/v) NaCl or 5 m~-a-methylornithine in 0.9% NaCI. Then, lOmin later, dialysed horse serum was added to a final concentration of 10% (v/v) . After a further 2h. 13Hl-putrescine dihydrochloride (0.75pCi/ml) or OHlspermidine trihydrochloride (0.5pCi/ml) or I3Hlspermine tetrahydrochloride (O.SpCi/ml) was added to the cultures. Samples were taken 24 h later to determine the total intracellular acid-soluble radioactivity and the distribution of this radioactivity in the cells in the presence and absence of a-methylornithine.
In the presence of a-methylornithine, there was an increase in the incorporation of both putrescine and spermidine in the cells (Table I ). The uptake of putrescine from the extracellular medium was increased by about 4-fold and the uptake of spermidine was increased by about 1.8-fold. On the other hand, there was little change in the amount of radioactive spermine incorporated into the cells. Analysis of the distribution of radioactivity between each of the polyamines gives an estimate of their rate of synthesis over the 24 h of the experiment. There was a marked increase in the rate of conversion of putrescine into spermidine and spermine in the a-methylornithine-treated cells (Table I ). There was approx. 20% more radioactivity, originally present as putrescine. found as spermine in the presence of the drug. Similarly, there was an increase in the rate of conversion of spermidine into spermine. about 17% more radioactivity being found as spermine than in the control cells (Table I) .
This increased rate of spermine synthesis may be the result of an increase in the activity of one or more of the polyamine biosynthetic enzymes I S-adenosylmethionine decarboxylase (EC 4.1.1.50), spermidine synthase (EC 2.5.1.6). spermine synthase (EC 2.5.1.-)I. It has been shown in rat hepatoma cells that a-methylornithine and its analogue. a-difluoromethylornithine, increased the activity of S-adenosylmethionine decarboxylase (Mamont et a/., 1981). These inhibitors do not appear to modify the catalytic site of the enzyme, but rather stabilize the enzyme, as seen by the 2.5-fold increase in the half-life of the enzyme after the addition of a protein synthesis inhibitor. Our results are consistent with the activity of S-adenozylmethionine decarboxylase being increased by a-mcthylornithine.
The increased rate of biosynthesis of spermine from its precursors in a-methylornithine-treated cells observed in the present study seems to explain why the drug does not affect the intracellular content of spermine. The increased flowthrough to spermine probably prevented the spermine content decreasing. Since the spermine content of the cells was not affected by a-methylornithine, spermine was not required by these cells. and consequently uptake of exogenous spermine was not increased. In contrast. the content of putrescine and spermidine is decreased in the presence of a-methylornithine (Wallace. 1979). and therefore it seems likely that the cells increased the uptake of these two polyamines from the medium in order to compensate from the intracellular deficiency. Spermidine and spermine stimulated the synthesis of poly-(ADP-ribose) in a dose-dependent manner (Fig. I) . Stimulation by spermidine was observed with increasing concentration of the polyamine up to 5 mM, the highest concentration tested.
Stimulation by spermine was maximal (2.5-fold) when this polyamine was present at ImM. At higher concentrations the polymerase activity decreased. but even at 5 mwspermine. the highest concentration tested. activity was 2-fold higher than in the control assay. In contrast, putrescine had little effect on the synthesis of poly(ADP-ribose) in the concentration range tested (0.1-5 mM: Fig. I ).
This enhancement of poly(ADP-ribose) synthesis could be due to an increase either in the number of polymer chains synthesized. or in their extent of elongation. or both. The average chain lengths of the poly(ADP-ribose) moieties were determined by hydroxyapatite chromatography. Poly(ADPribose) chains were synthesized in the presence of I'HINAD+. the radiolabelled chams were then cleaved from the acceptor proteins by alkali and loaded on to a column of hydroxyapatite. The various lengths of chains were then eluted by a step-gradient of potassium phosphate (1-500m~: Farzaneh & Pearson. 1978) . No significant difference was detected in the overall distribution of chain lengths synthesized in the presence or absence of the polyamines. This implies that polyamines increased the synthesis of poly(ADP-ribose) by increasing the number of chain-initiation sites, since they had no effect on the lengths of the chains.
An alternative explanation for the increased synthesis of poly(ADP-ribose) in the presence of polyamines is that these molecules inhibit the glycohydrolase enzyme which degrades the polymer chains. However, several groups of workers have shown that polyamines have no inhibitory effect on the activity of poly(ADP-ribose) glycohydrolase in isolated nuclei (Whitby et al., 1979; Tanigawa et al., 1980) . Polyamines also stimulate poly(ADP-ribose) synthesis in isolated nuclei. This effect has been shown to be the result of both increased initiation of poly(ADP-ribose) synthesis and an increased elongation of polymer chains (Tanigawa et al.. 1980) . In addition to these effects, polyamines have been shown to alter the pattern of ADP-ribosylation of nuclear proteins (Perrella & Lea, 1978) . The addition of spermine, and to a lesser extent spermidine. to isolated nuclei resulted in the preferential ADP-ribosylation of histone H 1 compared with histones H2a. H2b and H3. Similarly, in the presence of spermine there was increased modification of non-histone proteins. Perrella & Lea (1978) have suggested that polyamines may regulate the activity of some nuclear proteins by altering the patterns of ADPribosylation of these proteins. The permeabilized cell system can be used to study this. 
